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A thermal protection mechanism 
electric motors includes a pair of 
contacts secured to an electrically insulated 
carrier. The contacts are engaged with a 
fusible electrically conductive pin made of 
solder that interposes along a current path to 
the windings of a motor. A thermal overload 
conditions causes the pin to fuse, thereby 
terminating operation of the motor. 




BNSDOCJDi <WO 0051223A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under thel»CT. 



AL 


Albania 


ES 


Spam 


LS 


Lesotho 


si 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


Ul 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 
Turkmenistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


II- 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


bwitzcnana 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote dTvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


UK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSOOCID: <WO 0051223A1J_> 



WO 00/51223 



PCT/US99/08846 



THERMALLY RESPONSIVE PROTECTION APPARATUS 



TECHNICAL FIELD 

The present invention relates generally to electric motors, and 
more particularly, to a thermally responsive protection apparatus for such 
a motor. 

BACKGROUND ART 

Electric motors often include mechanisms that terminate operation 
of the motor in response to thermal overload conditions that could result 
in permanent damage to the motor or associated -equipment. A thermal 
overload, such as an excessively high winding or rotor temperature, may 
occur as a result of a locked rotor, a high mechanical load, a supply 
overvoltage, a high ambient temperature, or some combination of these 
conditions. 

Thermal cut-outs (TCOs) are one well-known mechanism that may 
be used to protect an electric motor. Conventional TCOs are based on 
a thermally responsive element that fuses in response to a thermal 
overload condition, thereby interrupting the flow of electrical power to the 
protected apparatus. One typical approach uses a spring-loaded contact 
pin or lead that is held in electrical connection with an opposing contact 
by a fusible material such as solder. Another typical approach uses one 
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or more springs, which are independent from a pair of electrical -contacts 
and which urge the electrical contacts apart when a stop material melts 
in response to an elevated temperature. Both of these approaches are 
undesirable because the TCO typically includes a complex arrangement 
of springs and contact elements that are mounted in a housing. Thus, 
these approaches are inherently costly, and do not allow for the direct 
inspection of the TCO because the fusible material and contact 
conditions are not usually visible through the housing. 

Conventional current fuses may also be used to protect an electric 
motor from thermal overload conditions. Current fuses, such as cartridge 
style fuses, may be serially interposed in the current path of the motor 
windings. Typically, the fuse is selected so that it interrupts the power 
supplied to the motor windings at a predetermined current level that could 
result in a dangerously high winding temperature. Current fuses are 
undesireable as a thermal overload protection mechanism because they 
are substantially operationally unresponsive to the actual thermal 
conditions within a motor, which could result in operation of the motor at 
a dangerously high winding temperature or a premature termination of the 
motor operation at a safe winding temperature. 'For example, a current 
fuse may prematurely terminate the operation of a motor in response to 
transient winding currents that would be insufficient to heat the thermal 
mass of the motor to cause a dangerously high winding temperature. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a 
protection apparatus for an electric motor includes a pair of electrical 
contacts that are spaced apart and secured to an electrically insulating 
carrier. A fusible electrically conductive pin is engaged with the contacts 
to provide an electrical path between them. The pin is responsive to a 
thermal overload condition in the motor such that the pin fuses and 
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FIG. 1 is a plan view of an electrir m „. 
a thermally responsive prot^ aSSemt " y """WW*, 

— ^ivrr— -~ 2- 



UETI 
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Preferably, a lead wire 24 from a power source (not shown) is secu^d to 
a oonneotor portion 26 of the first contact 12. and a magnet wire*, « 
connected between the winding of a motor 30 and a connector portion 32 
of the second contact 14. Thus, the protection apparatus 10 is serially 

■nterposed in the path of power supplied to the winding of the motor 30 
Also, preferably, the protection apparatus 10 is .ocated so that » is 
responsive to the temperature of the windings of the motor 30 For 
example, the protection apparatus 10 may be located adjacent to the 
commutator portion of the motor 30 as shown in FIG. 1. 

The material used for the pin 1 8 substantially determines the 
w,nd,ng temperature at which the protection apparatus 10 will fuse (U 
melt) and terminate operation of the meter. The pin 18 is preferably 
made of an electrically conductive thermally deformabte material that 
fuses at a temperature that is below the maximum safe operating 
temperature for the windings of the motor 30. For example, a solder 
hav^g a melting point of 2SS *F provides adequate overload protection 
for a typical electric motor. A varied of solder compositions, other 
matenals. or combinations of materials, pmviding differ melting points 
may be substituted to make me pin 18 wHhou, departing from the spirit o, 
the invention. 

_ ^^^^^onHetryofmepiniasubstantiallydetermines 
*e ms.stance o, the protection apparatus 10 and me maximum amount 
of comtnuous current that the protection apparah* 1 0 can transfer to the 
^ofmemoteraoatagivenambtenttempe^ure. As is known in 

ITT, T iStanCe * *" Pi " 18 * dirW,,y P^ona, te me 
restsavrty o, me materia, used for the pin 18 and to its tenglh. and is 

mversely pmportiona. ,o ite cmss sectional area . Winding cunem 

passmg mrough the resistance of m, pin 18 internally heate me pin 18 
and Produces a self-healing offset mat causes the temperature of the pin 
18 to exceed me local ambient tempera^. Thus, me pin 18 win Rise 
and temtmate the operation of the motor 30 when the self-heating offset 
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due to the winding current plus the local ambient temperature reaches the 
fusing temperature of the pin 18. 

In accordance with the present invention, the geometry of pin 18 
is preferably selected so that the self-heating offset is relatively small at 
maximum winding current (e.g., under locked rotor conditions). As a 
result, the fusing of the protection apparatus 10 is substantially 
determined by the local ambient temperature which is substantially 
determined by the actual winding temperature of the motor 30. Thus, the 
protection apparatus 10 will not improperly terminate operation of the 
motor 30 in response to transient currents or under load conditions that 
do not cause dangerousJy high winding temperatures. For example, due 
to the thermal mass of the motor 30, the protection apparatus 10 may 
allow the motor to operate at very high loads for short durations. 
Alternatively, the protection apparatus 10 may allow the motor 30 to 
operate at higher continuous duty loads when ambient temperature 
conditions permit 

Preferably, the pin 18 has a simple cylindrical or rectangular bar 
geometry and may be cut from continuous stock material to minimize 
costs. It may be desirable for some applications to employ more complex 
pin geometries that define more reliably and/or precisely where the pin 
18 will fuse along its length. For example, the profile of the pin 18 may 
be tapered so that its smallest cross sectional area lies between the first 
and second contacts 12, 14. 

Illustrated in FIGS. 3 and 4 are detailed views of the first and 
second contacts 12, 14 that may be used with the protection appartus 10 
shown in FIGS. 1 and 2. The contacts 12, 14 are preferably made of 
brass or any other suitable electrical contact material and are preferably 
fabricated using stamping operations in a progressive die, for example, 
to minimize costs. In addition to the connector portions 26, 32, the 
contacts 12, 14 have a finger portion 40 and a mounting tab portion 42, 
all preferably arranged as shown. The finger portion 40 has a curvilinear 
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profile that is best seen in FIG. 4. The finger portion 40 has a lead-in 
portion 44 that is bent away from a saddle-shaped portion 46. The 
saddle-shaped portion 46 preferably has a curvature or profile that 
accommodates the shape of the pin 18. The mounting tab 42 further 
5 includes a retaining dimple 48 and a retaining finger SO that is bent 

outwardly as shown most clearly in FIG. 4. The dimple 48 and the 
retaining finger 50 may be formed directly from the material of the 
contacts 12, 14 to minimize costs. 

The connector portions 26, 32 of the contacts 12,14 may include 

1 0 a pair of ears 51 that can be folded to form a crimp-typeconnection for 

mechanically retaining and making electrical contact with the wires -24, 
28. The connector portions 26, 32 may be insulation piercing types 
and/or may require soldering or welding of the wire ends into the 
connectors 26, 30. Alternatively, the ears 51 may be left unfolded so that 

1 5 each of the connector portions 26. 30 provide a spade connection that is 

configured to accept a standard female flag connector, which may be 
provided as terminations for the wires 24, 28. Those skilled in the art will 
recognize that a variety of known connector types may be substituted for 
the connector portions 26, 30 without departing from the scope of the 

20 invention. 

Illustrated in FIG. 5 is a more detailed perspective view of the 
earner 16. The carrier 16 is preferably made of an electrically insulating 
material such as a thermoplastic. The carrier 16 includes slots 60, 62, 
shelf areas 64, 66, and lead-in chamfers 68, 70. 

25 F,G 6 shows how the first contact 1 2 is secured to the carrier 16 

and engages the pin 1 8. To secure the contact 12 to the carrier 16, the 
mounting tab 42 of the contact 12 is passed through the slot 62. The 
retaining finger 50 is deflected downwardly as it passes through the slot 
62 and then returns to an undeflected state when the contact 12 is fully 

30 seated against the shelf area 66. In the undeflected state, the retaining 

finger 50 is stopped by the bottom surface 72 of the shelf area 66, 
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thereby preventing subsequent removal of *ho 

retaining di mp ,e 48: This press T 3 ^ * the 

p^nts staw,ity - 

example, fro m vibrationsjnthemotor3o ntaa ™ <hat may result, for 

contact ,2 to the pi„ 18 be va J?" ,OK » a PP«^ by the 

stress, for the comae, « «T» ma,eria ' p "~<«*. 

«n 9 er po rtio „ <o of £££ J Z^' '° *• 

to the relaxed ^ the 

commentary to the lead-in port£ ZZ J^IT ?<> " 

^er 70 and teao^ ^ ^ f ^° f The teaoHV, 

- Pi n inta „ mounted potraT^rr firs,e ^ oof 

» not shown in FIG. 6 b ut is fiim -i . The *»cond-contact 14 

en gag es the ^ 16 - 

-er d e t a,,sof t ha d esi^o,.:ll^ 1 ^^ d ^ Seem2, • ^ 
appiicauon (i.e., the particular desiZfl 

-"-->ona 0 ,o rt Cr^Z , ^ W -^ 
invention. • ™e art to implement the present 

* not fletd repairab(e/ tesett ^*"« ** — *» ^ration and 

« course. ft should be undTrZdt f 18 ' f ° rSXam P le - 

modifications can be made to £ TT « «' 

—™ ramer than limitin^ndta « J ^7*" - 

a ano that it be understood that ft is the 
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following claims, including all equivalents, which are intended to define 
the scope of this invention. 
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CLAIMS 

What is claimed is: 

1 . A protection apparatus for an electric motor, comprising: 
an electrically insulating carrier; 

first and second electrical contacts spaced apart and secured to 
the carrier, and 

a fusible electrically conductive pin having a first end portion and 
a second end portion, wherein the first and second end portions are 
engaged with the contacts and at least one of the contacts forces the pin 
against the carrier; 

whereby the pin is responsive to a thermal overload condition in 
the motor to cause the pin to fuse so that an electrical path between the 
contacts is interrupted. 

2. The apparatus of claim 1, wherein the contacts are made 
substantially of brass. 

3. The apparatus of claim 1 , wherein the pin is made substantially 
of solder. 

4. The apparatus of claim 1 , wherein the contacts force the ends 
of the pin against the carrier. 

5. The apparatus of claim 1 , wherein the first contact is associated 
with a power lead wire and the second contact is associated with a 
magnet wire from the motor. 



0O51223A1_l_> 



PCT/US99/08846 



-10- 

iaim 1, wherein the overload condition is 
temperature. 

claim 1, wherein each of the contacts 

to engage the pin; 
-apted to receive a lead wire termination; 

- adapted to secure the contacts to the 

ciaim 7, wherein the finger portion further 

claim 7, wherein the finger portion further 
~>rtion that accommodates the shape of the 

claim 9, wherein the mounting <tab portion 
finger and a retaining dimple, at least one 
carrier. 

c claim 7, wherein the connector portion 

ction. 
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6. The apparatus of claim 1 , wherein the overload condition is 
associated with a high winding temperature. 

7. The apparatus of claim 1, wherein each of the -contacts 
comprises: 

a finger portion adapted to engage the pin; 

a connector portion adapted to receive a lead wire termination; 

and 

a mounting tab portion adapted to secure the contacts to the 
earner. 

8. The apparatus of claim 7, wherein the finger portion further 
comprises a lead-in portion. 

9. The apparatus of claim 7, wherein the finger portion further 
comprises a saddle-shaped portion that accommodates the shape of the 
pin. 

10. The apparatus of claim 9, wherein the mounting tab portion 
further comprises a retaining finger and a retaining dimple, at least one 
of which is engaged with the carrier. 

11. The apparatus of claim 7, wherein the connector portion 
provides a crimp type connection. 
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